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m 1 <o^miik^<Dm2<Dmm±^zmm^^) yimm^m^mi^^^i^.Kmu^) >it 
mm^^mm^^nm±,<D-utxm:^Lxi^j^^K. mu^mmm^mmx ^ 
±Mxm^^) >immn.^M^m^^mh^Lx^^;t^t ^m^t-t:^ v >im^ 

^^'^^^^^-'^\^x^j^^KfzmmT^mtLx<om^^m^mt^t^^^ 
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^L. M4^^#®^TM^t t;&>o^BH^^«c7)?s^^2 5 ot:m±Ti 2 0 or 



miiE#2 003-3099396 



#M 2003-000442 



mm±Rz/tnmv ><mm^^m^^.Mm±i,zm^^mi^<oiM.mi 7 5 o 
-hi 2 0 ov}ikT<D^i^mt Lfz^mj&mmxmm^v >immm^mi$-^^mi 

[0 0 0 1 J 

[0 0 0 2] 

mmLx. mi^^^-h' (mm: led) ^i^.i^u-f^^^t-v mm^^ 
M) o ><M^^^#T'<±. m^izitmLx. je^l (ho 1 e) <^>;t^Mr^ 

m (=^>^^hm) tLxm^fz^itm^^miLx^.^;h (^j^t^ #11^x^3 # 

o 

[0 0 0 3] 
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(contact) m\zi^m^^x^\.^hfL:b^^^(D pwmm 

it. ^ (TC^ie-f- : A u) . Mi& (ytmm^ : Z n) ^^0#-ii;^.^;^^$tL 

Tv.<i> (±fBo#s^:5:^2#fls) . ^^ffl^co^M (pad) mM^^fe;fa^m;^ 

[0 0 0 4] 

^il#i^=^6, 0 6 9, 0 2 1 #<2r#5§|ffl^ 

[#i^^:5:m2] 

#Bi^2 -2 8 8 3 8 8-^^# 
(#Sl=3tm3] 

10-24256 7-^^^ 

[0 0 0 5] 

^^s-r ^ /ii6o u >\mmm^m ^^\^xm^^mi^i^ n wi-^^o led 

[0 0 0 6] 

^tfe^-^^ ^-^*^^*-r^^^m§co«^^js^i-^ t^iz^ Jt(D^^ ^^^m 
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[0 0 0 7] 

m¥^Mm±<7>~mxm^Lxf^m^fi^ mM^^mmmimw x ^ ±uxmm 

(3) mu^) >^mm9^^mmp^Mm7!,\ mmTM^tLx<Dmm^^mim 
izm LxM^^n/ztamTrnm t i.x<Dmz^m^m t imH<Dimf^^m-r^ 

mmt-r;h±m (d ttzit (2) izmm<Dv >^mm^^mi^^ytm^o 

^^^«^^tLTv.^^i:^^^tf ^±12 (1) ^ (3) ^in!M^imizMm<0 

(5-) mriBu >^mmm^mm¥^Mm<DmmmmmMi:mmi-^2m<Dv > 
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^tlr^.>^:lt^^tt;s>±m (3) izmm^Dv >imm^^m^^ytm^o 
t^smh-r:h±u (1) ^ (5) <onM-i:^K^m.<D^)>imm^^m^^ 

(7) ^ztm<7)v >^mmm^m^^^m^o 
(9) mM^^mmm^K mmv><mm^^mim.%nm±iz^;hmmu^t 

^'^^-^y^mmm^Lt^mir^^ti^^ti~;h±M^ (i) (g) o#tL 

^m^^^nmmm±txm^i-^:itt:!mt'r^±m cio) tciam^^.KWb 

^Tmm t L>6>o^^B^ozaj|^^ 2 5 0 -CmiT' 1 2 0 0 X^JikTt Lfz 

(Dmm^mm^mm^^. mmmmLfzmM^TmmtLx<Dmm^mi^m±R 
wffiv >^mmm^mi^m^nMm±izm^^<D^m^ ? 5 0 t:jji± 1200 
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(13) ^^^^?rlStt-i)Huffi^l Otitic ^E^^^t^i; 

.-«ii^i^*-ratiwiB#ic. msm^m^Kmm. ^mi-^fztb(D^^Ji)t(Dwmm 

[0 0 0 8] 

B) tV:- (TC^fS^IP) t^^tfm^it. B.Al^Gay Ini_„_^ 
-yPl-e^As^ (0<«^1, 0^^<1, 0^y<U 0<a + ^ + y^ 
1. 0^5<l-e^^, Sfc. ^J;i(f. B,Al^GayIni_,_^_yP 
(0<«^1. 0^/?<l. 0^y<l. 0<a+^ + y^l^ 0^ 

<y<i) T-^^o w-m^<Dv>^mm (bp) . vwbis*- 

:?rV^.2..^>v^A (a^^B,Ga^Ini-,_yP:0<.^U 0^ 

7<i) > $7^:. m<tv:^^mm (mg^^BPi-^N^ : o^<y<i) ^?ji:>fE: 
><mm (m^k^b « p i _ ^ a s ^) #o^ifc<7)v^^7c^:^^t,riB^^-e3b;i, 

o #IC. V ^-^fklB* (BP) {iV^'ft:ii^m4^^#:^«%<^)»;f^T'^^, 

m.UX<Dm±m^i: 2 . 8-3. 4^V>^ M:2:^.i^;i.h : e V) 

m^z'^^.^x<ommmm^^^^mit^nu-^mmx^:hm (window) m^ft^-m 
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0 0 3 - 0 0 0 4 4 2 ^-v? 

[0 0 0 9] 

en) ^ ( ^ Vo 1. 2 4, No. 2 (1 9 9 7) i 

5 0K#M)..WK^^K&(j. Crystal Growth, 2 4/2 
5 (1 9 7 4). 1 9 3-^1 96 W#M) . 0,^,1,^ (J 

.Solid State Chem. . 1 3 3 (1 9 9 7) . 2 6 9-^272 

MOCVD) (Inst. Phys. Conf. Ser. , No. 129 (I 
OP Publishing Ltd. (UK. 1 9 9 3) . 1 5 7-^162^ 

(C2H5) 3B) ^<oB:^m'&<7ymw^mmmtLx\.-:bfz^^ ^y)^^xt¥ 

(BP) ^muti-^vy^mmm^mi^mo^mm^^^ 

^^^^mm^mmx^^izm^mx^. ^m=^ii^f^-ti-^it;&^-e§^2 5 or 

-mz^ ^^m^m^ 1 0 0 ov^m^;Bmi^t-^;h 

'^^B^mtfzii^^^mn. 1 0 0 ox:^m<D^mxj^^^tL^;^, 

[0 0 1 Oj 

^fi. V/III Jrb^^o. 2~5 0<7)$gHt'^^-r<5>wm^T»^^o V/III 

mil mm^-7um<D>^wr<Dmmizn-r^. mvmmm7nm<D>^m<Dmmoitmx 
m^^o ^(DY/iii jt^^sro. 2^m<7)im\z^itmt-r^t. mm^m^t 

o 5o^^£^v/iii jt^ti, ^^^nm^Dm^^m^. t^^am^^^^Lxn 
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#M2 0 0 3 -0 0 0 4 4 2 



5 0 oi^^±T2 0 0 omrt lt^^lt^^^t^^^, 2000 ^s^^^v^v 
[0011] 

<oii^u± Lv>, mmmiF^nnm<7)wmi±mi^xmt l < (i 1 0 n . c mm± 

mitn^) . ^ (a^^G a X I n 1 _xN : 0 ^X^ 1 ) 

x^i) i^^hm^^yyv (clad) mmm^TmmtLxfm-^:^cDiimt 



'o ^1 
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<Dmmmm<Dmm (m2<Dmm) izjz:<i^^in,^^MmtfziiKnmmfm 

o 

[0 0 12] 

mtmmm^-t^±.xi ^^m^ttj::^^ -r^m±\zKnmmMm^nWm^wt 

nmii. (tunnel) ^^Miz^ ^ ^ V r<DTmm^m^^■^^J:^.^ 

[0 0 13] 
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#112 0 0 3-0 0 0 4 4 2 y^^^.y 

[0 0 14] 

^^B^H®^^. ^*«#^i!?fi:^^c»L'&V\ fm. r> K-y (u n d o p e) 

(doping) Lfzmit-ff^)^A (GaN) ^ ^ nffm^feSilcfg^tit 
««^ittci«^v^T. p^:^^^#T»*s-7^;^v^A (Mg) ^Oft^KjiSmicH^^ 
i^^Oi^fg^^t^ ^^^fi»^#^«it0^^etC$>oT{i. ®M (b a r r i e 
r) mt^^ (we 1 1) ®tO-v7^n^^|^MOgL^^t:^gj^^^^^ 

^ct ^^x ^ ^ . Mi^x\ iifv. v/iii ^it^^,^^^ ^^:ht^y) 
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mti. (Hall) ^MWmmz X t) miX- ^ ;h ^ 

[0 0 1 5] 

«:±tf^tt^o ^^^-^ ^MMttiifi. (s c h o t t k y) ® 

XI 0-3 a. cm^mx.x±tt:^mm^^^^zttt:^^ ^mmm^Dmm 
r^^tLpf^<ov>^mmm^mim^,MmKnLxit. ± {%mm^: 

An) .^>-:r..^A (jtmm-^- : G e) . ^ (Au) (TC^ffi^ : S n) 

> ^ (Au) '^>i^ryj, (ytmm-w: I n) m<D±^^:()^(^)^-mmt^mm-t 

: z n) . ^ (Au) . V -7 A (Tc^iB^ : b e) ^(D^^^^^c^mmu^ 

^^1- (7G^fB^:Ta) . ^N"7:=.^A (tc^IB^ : H f ) j^tCF^S^ > 

^IB-^ : w) ^ § ^ o 

[0 0 16] 

^m^.m^immz^^xmuf^. pm<dv >1mm^^mi^^^um^z'c.^.^x 
it. ^'Mm.^'^vv A^<7)^^^^.f,^^-^.^ ^^^^ ,^ 
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^-z^: 13/ 



[0 0 17] 

-5 y^mm^m^x^^. v >immm^mim^Mmi,zmLxmifibtifzm 

^-^^'^mmLx:^-^ y^mmuminj:-ttiimmx^:ho ^<Dm^. m, 
mu^ommmj: mmiz:^^:^--^ y^m^omi^v >immm^^im 

'''i^^^^'^m^^^^mt^Mmz^yjm^j:?Mmxm-r^'^mmm^fm-r 

[0 0 18] 

>; ><mmm^mim^mi,z^^mi-^mizmftz^^^ y^mmtm^mz^ 
m^^x. Miz. ')>imm^^m^m^m<Dmmzm^^-tx:^-^y^mm 
^m,m-r^t. '^^'mm<oMr^mmii}.^(D^ytnmizm=f-mW}mm.^^^x^;b 
<oxBtL^.^. IP*,. v>imm^^m^^^^mt:mi^^'txmi^^^-^m^ 

iii-riz^^^tt^^§^^miz. m^mwjmm^^mmzM:nx^;h. ^lom^z 
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^-i^: 14/ 



^. r;vv-^A^^^.t,^aL. m^^^:h^-^y^mm^± ■ n^^i^^h 
(Ge) ^^t^^^i)-h:^^^mKm^x^^o •^mMUtm^^^^^-^y 

[0 0 19] 

> ^^^^^^mmwm^6^w.x^^m\,z.mm't^<Di)mt\^\^^, ip^, vwbia 
m^^m^^^umcDmrn. •o\.^xt,i^itM<Dum\.zy^\,^x^ 

10/.mm±. Mt3MSL<{i2 0;«mm±O|?.iIiM^^t-^O;6^^MtLv^<, <2r^p 

%MX^^o 

[0 0 2 0] 

y^mm^Mj^LLfz^ik. mm(Dm=f-KmmLxm^ir^o Msuo^^^o^iffi 
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^-i^l 15/ 



^<iio>m^ij&izwif^<Di,m^x^^. ^mmmom mmm mnit 
. mmm^M<Djj^<Dm^izm^ . mmm^m^v >immm^^i^^^^m^ 
±^^j:mm^^;h;it<Dm^^miz^ ^^^j:mt-t:h<Di,^tmx^:ho -mzit^ 

m^x. m(om^^'Z^mizji;<:^j:;tfzif,^ mm^M.oyd%<DMmzmmizm 

[0 0 2 1] 

'^^wmomm(DTKmm.\.fznmitfz\tTmmtuMmmm(D u yimm 
n^^mm^^B mm tc^tt ^ ^^mao^M ^ s d xm^ ^ti^ m=pm 

[0 0 2 2) 
[0 0 2 3] 
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^-i^: 16/ 



[0 0 2 4] 
[0 0 2 5] 

yt^^:^-v^ (LED) i:m}&-r:hm^t:mi.zLx^m^i>z^t>;h^) >^mm?h 
"^^mi^^^m^i^m^^zmmir^o mi tcrr;v-\^n (dh) ^^m^<^L 
1 0 iim-r^fcibi.zmmLfzmmm^^^i i<Dmmm^^m^mzm-ro 

[0 0 2 6] 

^1 ouzii. v> (p) v^-yn^mm (s i) w.^^%^imLfz. mi 

1 0 l<7)^W±tC{i. #S (H^^^jEE) «#M^;ffiait:^^v^ (MOVPE 

) ^^^mmLx. nm'<Dv>jmm (bp) ;6^f>'^^Tgp^7^7 kjii o 2.^ 

ita^^T^io Tf|5i^ 7 >7 1 0 2 fi. ^ ^^;ng^ (^^^ : (c 2 H 5 ) 
3B) ^mm (B) ^fg^L. t;^:. ^.^y^y (^^^ : PH3) t 
T. 9 5 OVxmmLfZo TU^yv K® 1 0 2 i ^J:tr > V-y'X nJ^<DB P 
mcD^^VrmmitlXlO 1 9cm-3T»*fr), 4 2 0 nm Lt^o 

[0 0 2 7] 

nf^r^yy K^l 0 2±tC{i. tffiMO C V D'StCjaJc ^) ^;i=Sa^$^i:7^c n 
f^ll<b:«n;^A (Gao. 90 I no. 1 0 N) :d>%>^^%^ 1 

0 3^, 8 2 5t:«^^L7^:o 1 0 3 ^«^i-^±fBc:>M'ft:;jr'; ^2. • ^ 

^v-^^A^ti, ^^v^-^AM^^r^i^t^^mcO;!! (phase) ^^^mm^fi 

^^^^^^-^mmu ^(D^i^^:o:^>i/'yAm.mio. lo (=10%) -tr 

^-ofzo ^^mi 0 3<7)mmi±l 0 nmtLfZo ^ytm 1 0 3 ±l,Zlt^ hV^^ 

(CH3) 3Ga) /NH3/H2^^S^'^ffiMOCVD 
8 2 5'CT'^S (Si) Y-fn^mtff^)^A (GaN)JglO 
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^-v' : 17/ 



a 1 0 4 (i. m^^m^m<DmM 1 0 3 (Dp^ummz^ im^Rv^^mm^ 

mommtfz^^y K (band) mm^J^^ir;^fzibl>zmffZo 
[0 0 2 8] 

nJ^GaNSl 0 4±tz{i, T > K— t^c^ y Wkifl^ (BP) 
ill0 5«:^lt7^:o ';>'fbi8«^f>:S?^^^^M®10 5{i. (C2H5) 36/ 
PH3/'H2^Jc«m'tiEEMOCVD^^ic^i^^;^tt/^o ^^^sMm 1 0 5 (i. 5 5 
Or-e. 5.oV/IIIJt^ (=PH3/'C2H5) 3 B) 1 0 ^ LT^^fg^ft 

-T-oy y^mmw^mm i o 5o;i/¥{i 1 5 nm^: t/^o <2:m<Dm^^^ 
•t'2.^^o^:^t;i5gi9, t^^^^m 1 0 5 ^m^-t-Ttio ^^^nm 1 0 5 

[0 0 2 9] 

'-kK. ±Mtn-<D (C2H5) 3B/PH2/H2^JS^#JEMOCVD^ 

^^^ffi^:S^a^<gffiL. nm^^^fz^^nmi 0 5 2S:y^'±fBomai^-^/cn 

?^GaN^l 0 4c^^MtC^^$-^T. vli^<D') yimmm^nM 1 0 6 ^l^tt/c 
o T> K^y'coi; ^-fbflig^^^,^ 1 0 6 ii. 1 0 5 J: ^} ^>i^zac^ i o 2 

sr-e^tt/io ^^SBf<^v/'iii jt^i± 1 3 0 0 ^ x^fzfzib^ V >^mm^ 
titf>. V y^mmm^^m i o eti. ^±^n-u^mi^i-:hfzib<Dmm^mm-r^ 

[0 0 3 0] 
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) y^^^> (^^^: CH4) y'H2'^^:^':^^mmLtz-^yX^^y^yy^ 

mmm 1 0 7 ^^tt^ia® 1 0 0 m(7)R3^o^®^jigjcjH^T. v >f[:5«^^ 
mmmmm<7)^^(7)mmi o 8(±. o i<^)s i ^^.-ho^^^isjt-^ 

[0 0 3 1] 

Lfzy^VUz^:^VMm^'^:^^ (mask iMS) Lt. ^.^^Ml 07 
O^M§Mi lOTa^^^i-^. A (A u 9 5fiS% . G e 5fi»o/,) 

^^M*-«gOKl^S*¥^tC^»)^«$,^/,, ^^^^^ vx^^^ff-^V^fbM 

^fzAu • GeMM^^^LTto ^Mm^ 1 0 7 <ommiz<D^n^^^f::^ 
^fi^^^t-A u . G e^^^mmit 1 5 0 nm t LTto ^tc. V ^'fbWISaiS 
1 0 6 0^M?::7:f M.^:;;^ ^##TML7-^t. M^^^^~s.^^^^^^zim 

. ■^^^Mio7cD:t-^y^mmio7h^mif^mmi,zm. um^iso 
1 ^^^t:~^^m^^mmzm ^ mm, lt. p v ><bia^i-^^ i 

0 6 y^Wmi 0 7 b=^^^L;^:o :t^5 -y^^^ 

^10 7 bOi¥^{i8 0 0 nmt Lfco ^^UMl 0 7 ^«^i-;i>/ca60:f - ^ 
'^'^mai 0 7bm<^-T;^^#^M±tc^^Au . Be^^M(i-^;.^;fct^ty 

-^y^WMl 0 7 b^3g^L7to 
[0 0 3 21 
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sb) ^^■^-(^^£^nM:^'-<y'!^mmi 0 9^mftzo '}>imm^^mmi 0 

i> '^rfmLxi3\.^fzmmmM<D^^(7)mmi o sou y^mmw^mMm i o 5 
trUM^-^fzo ^<Dmmm^<D^vi<Dmiti os. msf^ttcf∨ 
> Kri— K^t; ><biBm^^B%®« 1 0 5 <Dmmi>zmmmi>zM^ir^-t±. z 

EDI 0 (Dmma^mx-^'^fzo 

[0 0 3 3] 

-m^^j^mmTEM^mizi^^mmTit^ v WMm^H^a^^ 1 0 5if^h(Dm 
mmm^mtifmi^^u^t^i,<ott^-ofzo v><mmm^mi 0 6(d 
m'T-mmmmi. mmmLi.z^m^m(om^x^i>0^<<7)^,^^<Dmtn.^. (spo 
t) ^^^^^^h^^^^m^mt^ot^^-ofzo 

[0 0 3 4] 

2^l&H.gT'{i. mm^^l 0 7 a«t l?:^§;&sp^^<7)^_, .^^^^ J 0 7 b O 

1 0 7RZ/nJ^<Dir'-^ y^mUl 0 9(DmK. mij\^iZ 2 0 mA<Dm^mW}m 
i^^m,mLm^^n.^mm^Lfzo led l 0;6^f>{i4''l:^O^«=^4 4 O nmt-r 

^W'^m^fimm^fifzo mit^^^i^ h?i^<D^mmii2 s o ^ vj^-u^ hu>^: 

mm^O^-y 7- (c h i p) 7 5 V?;; >y^^ (m c d) T^^o 

tzo tfz. p^^-^ ^'^ui 0 7 h<DT-^<Dmmu^i 0 7 a^^i&^ov 
>im^^^^wmio5(DmmKmm^^xmif. m^Mmmm^^ytm i o 3 
izmmmiz^mx^mmt Ltztzto. ^mmmi 0 7 (omBmmimomtm 
it(Dm^m:d^i^i^mt^^m<Dm^i>^^ti(b^fifz. tfz. myj\tim.m.^2 omA 



£tiiE# 2003-3099396 



#M 2003-000442 



[0 0 3 5] 

if22mmmm^ (dh) mmm<D^ytr^^'-y (led) ^m^-r^m^^ 

[0 0 3 6] 

m2K. ^nzmmmiz^^io^LED 1 2<D^mm7^t:m^mizm-to ttz. 
msizit^ m2\,z^LfzmmA-A' izm^tzLED 1 2<Dmmmik^m^6^i,z 
^i-o m2Rv^m3izn\^^x. ^i^-nmLfztmm<Dmmwmi.Z'oi.^xiim- 

<^W-^-^ifLX7j^ir;ittir^o 
[0 0 3 7] 

-t-m<^mimmmizmm.<Dta<Mm^fifznMG aij§tytmi 0 4±iz, %-r 
. ry K^yT^p^^<^,; yimmn^nwm 2 0 1 ^fm^tzo v>mv i^imm^¥ 

fzo pff^'; i^imm^¥umm2 0 \±.\z\t. r> Y-fx^m\.<7>^) yimmti^ 
^nwm 1 0 5 ^nm^^fzo ■mmu'T^v >imm^^nm 1 0 b(Dm.m.x<DW^ 
m\ti^ 0 a • c mm^t 1 2 nmi: l^^o pf^v >immm^nnm 2 0 1 

Wmm<D >; ^M^^^B^H^ii 10 5^. <i^^(oy^ hvv^yy^ -im^ • 

^ijfflLr. ■^mm.mio7i:mi>f^^^(DmMi>zm^Lx. P^RzmmL(D$^ 
^nMm 10 5, 201 ^m^^^fzo pMRzmm.m.(D^^^Mm 105, 201 
fix ^^L^^m-t Lfz. mzun^ 1 2 0 /umt-r:h^mnFir^<7)mmznm^ 
^fzo ^ic. i^^^<7)i; ^-fkiB^^B^HK® 1 0 5±iz^ mimmmiznm(DT> 

[0 0 3 8] 

^if^i 0 8 ^Mm^hmmizm^Lx. p^^u ^^-fM^^^a^ 1 0 e ^^^e^jtc 
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}mU^10 7 a^^V^T--^ (Mo) ^L. 't(D±UU^Ot - ^ y ^mui 
07h^^'^VV^A (Au -Be) t-r:h-^mmmi 0 7 t:JfmLfZo 

(Mo) ^m:<Dm^itlOnmtU Au 'Be^m:(Dm^lt7 OOnm 
tLfZo -^mmmi O ro^^lfP^Sr^Srl-Au • B e^-^ y^m.m.l o 7bl,zi± 

5. y^mmi 0 7 ct LxmiftZo 
[0 0 3 9] 

-1. -1. 0} ^^B-:)fmz^mzmftzm.m^^i 0 sK^a^-ox, mmoLED 

1 2iz^m. mmLfZo -tR^ 3 5 O ^xmt-t^jE^r^OLED l 21,z. 2 Om 

A<Dmiu\^mmi:mm Lfzm<Dm^^^mMii. m 1 mmmizmm.<D l e d 1 0 

xomma 9 m c d -c^> i9 , mi mmm<D l e d 1 0 KitmLxx 19 ^v^^^^gt 
^(OLED:^^i,fz'b^fifzo tfz. &^m§t^mz^tnt, 1 0 7 

> ±M^'^x^-hvi^-^-^ -j^mm \ 0 7\>(D-Yi^(DmMmt. \ o 7 a^. p 
mLTf%m^<D^} y\mm^^n9M 105, 201 ^-^^>i>s^«^±tcKtt. 
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